FIELD trails were conducted during the two growing winter seasons of 2015/2016 and 2016/2017 at Sakha Research station , Kafr El-sheikh Governorate to study the effect of four irrigation regimes; cut-off irrigation at 100% (I 1 ), 90%(I 2 ), 85%(I 3 ) of the furrow length and alternative furrow irrigation (I 4 ), and four fertilization treatments; F 1 (100% of recommended phosphorus (RP)) as control, F 2 (75% RP+ phosphorien), F 3 (65%RP+ phosphorien) and F 4 (50%RP+ phosphorien) on Faba bean yield, some water relations, ground water table contribution and economic returns. The obtained results showed that water applied and water consumptive use could be arranged in descending order as; I 1 > I 2 > I 3 >I 4 in both seasons. Water saving by I 2 , I 3 and I 4 treatments were 4.64, 10.92 and 22.55%, respectively, comparing to I 1 -Treatment. Both of (I 3 ) and (F 3 ) treatments gave the highest increasing percent of the seed yield of faba bean and most its components, in both seasons. The highest values of water consumptive use, water application and water distribution efficiencies and ground water contribution were recorded under (I 4 ) in both seasons. The combination of I 4 and F 3 treatments surpassed the other treatments in increasing water productivity and productivity of irrigation water for seed and straw yields, net return, net return from water unit and economic efficiency of faba bean seed and biological yields in both seasons. It can be concluded that I 4 or I 3 in combination with F 3 is the proper treatments to obtain higher production of faba bean, water saving and economic returns.
Introduction
Faba bean (Vicia faba L.) is an important pulse in the term of popularity and seed protein content. In addition, it's the most important food legume crop for human nutritive in Egypt. Also, it's considered as one of the basic source of protein in the Egyptian diet with relatively low price. According to (MAE, (2017 (MAE, ( /2018 ) the cultivated area occupied by Faba bean was 90,000 fed. The total world cultivated area occupied with Faba bean was approximately 4-7 M ha -1 (FAO, 2012) . The nutritional value of Faba bean was attributed to its high protein content with a range of 27-34%. Hossain and Mortuza (2006) noticed that, depending on the genotypes, the protein comprised of globulins (79%), albumins (7%) and glutelins (6%). Due et al. (1999) stated that under the water deficit condition, protein content of Faba bean tended to increase, and these results compensated with data obtained by Alghamdi (2009) and Ibrahim & Kandil (2007) . Alireza and Farshad (2013) showed that relationships between total dry weight, water use efficiency, water loss rate were significant and they belong to the variation among cultivars. EL-Dakroury (2008) showed that increasing of the irrigation treatments from 60 to 100% of ET, significantly increased the growth criteria, i.e., plant height, number of branches and pods/plant, leaves area and dry weight of both stem and total plant.
In the traditional agricultural irrigation, yield increase was mainly attained from the amounts of water used in irrigation satisfying the biological characteristics of water demand (Deng et al., 2002) . Enhancing water use efficiency, both under rainfed and irrigated agriculture is a high priority for agricultural improvement in developing countries (Canone et al., 2015 , Melkonyan, 2015 , Ronaldo et al., 2015 . Thus, new irrigation strategies must be established to use the limited water resource more efficiently. In recent years, the concept of alternate partial root-zone irrigation (APRI) or partial root-zone drying (PRD) has been raised and attracted considerable interest (Kang and Zhang, 2004) .
Water management under PRD irrigation focuses on efficient use of limited soil water and increasing crop water use efficiency. The effect of this irrigation mode on increasing WUE and maintaining yield has been extensively verified (Davis and Hartung 2004) . The development of water saving strategy is important to find the most representative combination between acceptable yield and water use (Pereira et al. 2002) . Alderfasi and Alghamdi (2010) irrigated Faba bean using 75% of the field capacity (Fc) resulted in elevated plant height, large number of plant branches, number of seeds and seed yield/ha. Nevertheless, Hirich et al. (2012) applied 50% of FC to Faba bean and obtained high WUE that enhanced crop productivity.
Because of the water limitation faced Egypt, we should do our best towards effective rationalization of irrigation at farm level. Furrow irrigation is a common type of surface irrigation and it is suitable for Faba bean watering especially in the clayey soils. Under traditional irrigation practiced by local farmers, the wetting front is allowed to reach the tail end of the strip. In other words, a long time is allowed for water to stay in the upper portion of the irrigation strip which results in more losses by deep percolation. Then to generate the increase of the advancements of water movement in such clayey soils, irrigation front should be stopped before the end of cultivation border. Following cut-off irrigation event, water front move to irrigate more cultivated area. This technique considered as a direct simple effective way in water saving. In addition, less water will percolate downward to the drainage system at the area (Kassab and Ibrahim, 2007 , Ibrahim and Emara, 2009 , Kassab, 2012 , Abdel-Fatah, 2011 , Abu-Hashim and Shaban, 2016 and EL-Hadidi et al. 2016 ).
Under Egyptian conditions beside limitation of water resources there is a big problem faces Egyptian agriculture that is increasing prices of mineral fertilizers, in addition to their bad effects on soil and water properties by making pollution for them and will be hard to reuse drainage water again. This problem can be solved by using biofertilizers instead of mineral ones. So, nowadays, on the way of clean agriculture through applying products with minimum pollution effects, the use of biofertilizers is recommended by several investigators to substitute the chemical fertilizers (EL-Aggory et al., 2001 and Abd EL-Magid, 2002) . Bacillus megaterium PDB (Phosphorine) was the most important group in the solubilization process of insoluble phosphorus in soils (EL-Kathat, 1992) . The application of the prepared biofertilizers of various bacterial in mixture have become recently a new technique which is having a define role in plant growth, yield and transformation of nutrient (N,P and K) in plants ( Zahana and Abo-Kaied, 2007 and Irina Kravchenko et al., 2013) .
The objective of the current study is to investigate the influence of water supply regimes and partial replacement of P-mineral levels by biofertilizer application (phosphorien) on Faba bean productivity, some water relations, as well as economic returns.
Materials And Methods
Two field experiments were conducted during the two growing winter seasons of 2015/2016 and 2016/2017 at Sakha Agricultural Research station, Kafr EL-Sheikh Governorate, to study the effect of irrigation regimes and partial substitute of P-Mineral fertilizer levels by Biofertilizer application, (phosphorien) as a phosphate dissolving bacteria, PDB (Bacillus-megaterium var. phosphaticum) on productivity of Faba bean crop (C.V. Sakha1) and some water relations. The soil chemical and physical properties of the experimental site is presented in Table (1) and Agro-meteorological data of Sakha station, during the two seasons of study are presented in Table ( 2).
The determination of soil properties was carried out according to the methods reported by Page et al. (1982) and Klute (1986) . The experiment was laid out in a strip-block design with three replicates. The main plots was occupied by the irrigation regimes as follows:
I 1 = cut-off irrigation at 100% of furrow length (control) I 2 = cut-off irrigation at 90% of furrow length I 3 = cut-off irrigation at 85% of furrow length I 4 = Alternative furrow irrigation.
While the sub plots were devoted to four combinations of partial replacement of P-Mineral fertilizer levels by Bio-fertilizers (phosphorien) application as follows: Each sub-plot area was 58.1 m 2 (10 ridges×8.3m length×70cm apart). The used inoculating bacteria, phosphorien (Bacillus megatherium var phosphaticum) was adsorbed on peatmoss power as carrier and registered to Biofertilizers unit, Ministry of Agriculture and land Reclamation, Egypt, from which it was obtained. The inoculation was done by mixing Faba bean seeds immediately before sowing. Inoculated seeds of each treatment was mixed with Rhizobia strain of rhizobial namely (Okadein) was obtained from soil microbiology department of Sakha Agric. Research Station and manual planting in hills on both sides of the ridge with 20 cm between hills. The irrigation was done directly in both seasons. Two plants per hill was maintained by thinning the seedlings after completely emergence. The preceding crop was rice in both seasons. -1 m -1 width was used, and therefore water was cut-off when the water front reached 100%, 90% and 85% of furrow length and alternative irrigation. Each irrigation treatment was isolated by ditches of 1.5m width to avoid lateral movement of irrigation water to adjacent plots. Along each cultivated furrow irrigation, different stations 10m apart were stalked all the way till the end of the proposed irrigation run. The time consumed for reaching the water front during the irrigation at each station as well as at the end was recorded from the beginning of the watering event. Consequently, the corresponding time, to disappear water at each station was also recorded from the beginning irrigation. The difference between water advance time and recession time expressed as the opportunity time of irrigation water at each station.
At maturing in both seasons, Faba bean plants were harvested. Random samples of ten guarded plants from each plot were taken to stimulate yield components: plant height (cm), weight of seeds/ plant(g), 100-seeds weight (g), No. of branches/ plant, No. of pods/plant and No. of seed /plant. Seed yield, Straw yield and Biological yield were obtained from central area of each plot (two rows) and calculated as kg/fed. Crude protein (%) in seeds were determined according to A.O.A.C (1990) . Also, the uptake of N&P by seeds of Faba bean was calculated as (kg/fed.). Data collected were subjected to statistical analysis according to Snedecor and Cochran (1982) . The differences between the means were compared by Duncan's multiple range test.
Data collected Amount of irrigation water applied (WA)
The amount of water applied for Faba bean as a winter crop at each irrigation was determined on the basis of raising the soil moisture content to its field capacity plus 10% as leaching requirement. For irrigation timing, soil samples were taken periodically from consecutive depths of 15cm down to 60 cm. until it reached the desired level of allowable moisture (50% of available soil moisture).
Irrigation water was applied through a weir at the water discharge rate of 4L sec -1 m -1 width at 10cm as effective head over the crest and the amount of water was calculated by using equation as follows: Q= 1.84 L H 1.5 where, Q= rate of discharge, m 3 /min., L= Length edge of weir, cm and H= height column of water above edge of weir crest, cm.
During the whole growing seasons of faba bean crop only three irrigations were applied in each season for all treatment, as shown in Table a . Seasonal water applied was calculated as described by (Giriappa 1983) as follows: WA= Iw +ER + GWC, where WA= water applied, Iw= Irrigation water applied by multiplying discharge rate by required time for furrow irrigation, ER= effective rainfall and GWC= amount of soil moisture contribution to consumptive use from the shallow ground water table.
Water consumptive use (CU)
Soil moisture percentage was determined (on weight basis) before and 48 hours after each irrigation as well as at harvest. Soil samples were taken from successive layer in the effective root zone (0-15, 15-30, 30-45 and 45-60 cm) . This method of consumed water is depending upon soil moisture depletion (SMD) or so-called actual cropwater consumed (ETc) as reported by Hansen et al (1979) . 
Water consumed per fed was calculated
Water productivity (water consumed) Water productivity (WP), is generally defined as crop yield Per cubic meter of water consumption. It was calculated according to (Ali et al., 2007) 
Productivity of irrigation water (PIW,kg m-3)
It was calculated according to (Ali et al, 2007) Y= the seed and straw yields kg fed-1, and WA= seasonal water applied (m3 fed-1)
Consumptive use efficiency (Ecu, %)
It was calculated according to Doorenbos and Pruitt (1975) as follows: Ecu = CU/WA *100, where
Ecu= consumptive use efficiency (%)
Cu= seasonal water consumptive use (m3 fed-1).
WA= Irrigation water applied (m3 fed-1).
Ground water table Contribution to Faba bean water need (GWC, %)
It was calculated as follows: GWC, %= ETc-SMD/ETc *100, where ETc= crop evapotranspiration = ET0*Kc SMD= soil moisture depletion ≈ CU ETo= was calculated using three methods:
Blaney&criddle, Pan evaporation (Doorrenbos and Pruitt, 1975) and Penman Montieth, average values was calculated and considered in calculation (Allen et al., 1998) . Irrigation application efficiency (EWA, %) It was obtained by dividing the volume of water stored in the effective root zone to the applied irrigation water (Downy,1970) as follows:
EI= (Da -(Dp+ R0)/Da *100, where Da= applied water (cm), Dp= deep percolation (cm) and R0= Runoff (cm) and EWA= irrigation application efficiency.
Water distribution efficiency (Ewd, %): It was calculated according to (James, 1988) as follows:
Ewd= water distribution efficiency, d= average depth of soil water stored along the furrow length during the irrigation and y= average numerical deviation from-d
• Nutritional analysis: seed samples were collected from each plot at the end of the two growing seasons and prepared to the following different analysis
• N-content, %: was determined using microKjeldahl method according to Jackson,1967 • Crude protein content, %: was calculated by multiplying the N percentage by 6.25 (A.O.A.C. 1990).
• Phosphorus content, %: was determined by using hydroquinine method (Snell and Snell,1967) • The uptake of N and P of Faba bean seeds (kg fed-1) was calculated as follows:
• N or P uptake = seed yield (kg fed-1) × (N or P), %/100.
Economical evaluation (profitability): it was calculated according to the equation outlined by FAO, 2000, Such as, net return, (L.E fed-1) = total return -total cost net return from water unit (L.E m-3)= net return (L.E fed-1)/ applied water (m3 fed-1)
Results and Discussion

Seasonal water applied and water saving
The amount of seasonal water applied (WA) for Faba bean crop consists of three components; irrigation water (IW), amount of effective rainfall (ER) and ground water contribution to crop waterneed (GWC). Presented data in .55% for cut-off at 90% FL(I 2 ), 85% FL (I 3 ) and alternate furrow irrigation (I 4 ), respectively. Based on the highest crop yield, saved water could be used for irrigation more crops and for horizontal expansion in agriculture. Data in the same table also illustrated that fertilization treatments didn't have any effect on seasonal amount of water applied in the two growing seasons. These findings agree with those obtained by Emara and Ibrahim (2004) , Kassab (2012) and Moursi et al. (2015) . Also, Liang et al. (2013) , Mei et al. (2012) and Yang et al. (2015) reported that alternative furrow irrigation maintain a reasonable crop yield and save irrigation water.
Water consumptive use of Faba bean (CU)
Crop water consumptive use (CU) has the same trend as that of seasonal water applied. Water consumptive use is a direct function of the soil water status which already affected by the amount of applied water. Data in table (4) show that the overall mean values of seasonal water consumptive use for Faba bean, in the two growing seasons, were I 1 (30.69)> I 2 (30.11) > I 3 (29.64) > I 4 (26.65) cm. It is obvious that CU was the highest 30.69 cm for cut-off 100%FL (I 1 ), which resulted from irrigation till the end of cultivated furrow. This due to the highest water applied to treatment (I 1 ). On the other hand, the lowest value (26.65cm) was recorded with alternate Furrow irrigation (I 4 ). Also, data in the same table indicate that, with decreasing P-Mineral rates addition and using biofertilizer (phosphorien) led to slight increases of CU of Faba bean in both seasons compared to recommended of P-Mineral (F 1 ). Therefore, the highest overall mean values of CU were recorded under irrigation treatment (I 1 ) and applying 50% of Recommended-P+ phosphorien application (F 4 Khalifa et al. (2013) and Soltan & Marzoka (2015) .
Water efficiencies
The studied water efficiencies such as water productivity (WP, kg m-3), productivity of irrigation water (PIW, kg m-3) and consumptive use efficiency (Ecu, %). Presented data in tables (5&6) show that, the overall mean values for the abovementioned water efficiencies were clearly affected by both irrigation regimes treatments and phosphorien (Bio-fertilizer) with different levels of P-fertilization. Regarding, the effect of irrigation treatments on Ecu, WP and PIW, the highest overall mean values through the two growing seasons were recorded under irrigation treatment (I4) in comparison with other irrigation treatments (I1, I2 and I3). Moursi et al. (2015) , Alderfasi and Alghamdi (2010) and Sallam et al. (2014) . Concerning the effect of fertilization treatments on Ecu, WP and PIW, data in Tables 5 and 6 clearly illustrated that, the overall mean values for the previous studied parameters were affected by P-Mineral levels and phosphorien applications, where the highest overall mean values through the two growing seasons were recorded under F 4 -treatment (applying 50% of RP+ phosphorien) for Ecu and under F 3 -treatment (applying 65% Rp+ phosphorien) for WP and PIW in comparison with F 1 and F 2 treatments in both seasons. Generally, the overall mean values for Ecu can be descended in order F 4 >F 3 > F 2 >F 1 , while for WP and PIW descended in order F 3 >F 4 > F 2 >F 1 . On the other hand, the highest values of PW and PIW for both seeds and straw of Faba bean were achieved from the combination of I 4 (alternate irrigation) and F 3 (65% RP+ phosphorien) in both seasons. The findings are in the same line with those obtained by Hirich et al. (2012) and Irina Kravehenko et al. (2013) . FL= Furrow irrigation length, F 1 = recommended dose of P(100%RP), F 2 = 75%RP+ phosphorien , F 3 = 65% RP+ phosphorien, F 4 = 50%RP+ phosphorien. Fig. 1 show that both of the water application efficiency (EWA, %) and water distribution efficiency (EWD, %) are clearly affected by all irrigation treatments in both seasons. The highest values of EWA (81.55 and 82.30%) was recorded under alternate furrow irrigation (I 4 ) in the 1 st and 2 nd seasons, respectively, with an average of 81.93% for the two seasons. Meanwhile, the lowest ones (64.29 and 64.80%) were detected with I 1 -Treat. (cut-off irrigation at 100% of FL in both seasons, respectively, with an average of (64.55%) for the two seasons. Also, the highest values of water distribution efficiency (76.17 and 76.79%) were achieved with I 4 -treatment (alternate furrow irrigation) for the 1 st and 2 nd seasons, respectively, with an average of 76.48% for the two seasons. Meanwhile, the lowest ones (70.77 and 72.47%) were recorded under I 1 -treatment (cut-off irrigation at 100%FL) for both seasons, respectively, with an average of 71.62% for the two seasons.
TABLE 6. Water productivity (WP, kg m-3), and irrigation water productivity ( PIW, kg m-3) for seeds & straw of Faba bean as affected by irrigation treatments and P-Levels application and Biofertilizer (phosphorien) in the two growing seasons
Generally, the over mean values of EWA, % can be descended in order I 4 > I 3 > I 2 >I 1, meanwhile, for EWD, % was descended in order: I 4 > I 2 > I 1 >I 3 . This finding is in a good agreement with those obtained by Meleha (2000) , EL-Shehawy (2004) and EL-Hadidi et al. (2008) .
Yield and yield components of Faba bean
Data illustrated in Table 7 ) were resulted from irrigation treatment I 3 (cut-off irrigation at 85% FL) in both seasons, respectively. On the other hand, the lowest values of the abovementioned parameters were obtained under I 1 treat. (Cut-off at 100% FL) in both seasons.
In comparison with I 1 treat. (Cut-off irrigation at 100% FL), the increase of Faba bean seeds were (7.31, 14.75 and 9.40 %) for I 2 , I 3 and I 4 , respectively as a mean values of the two seasons. Also, data show that irrigation till the end of Faba bean cultivated furrow (treat. I 1 ) resulted in excess water more than the actual needs of the growing plants. Either excess or less water leads to reduction in most yield characters of Faba bean. Similar results were obtained by Kassab (2012) , Link et al. (2010) , Alirezal & Farshad (2013) and Sallam et al. (2014) .
Regarding, the effect of fertilization treatments on yield and its components of faba bean plant, data in Table 7 ). The highest values of the aforementioned parameters were resulted from F 3-teatment (65% RP+ biofertilizers (phosphorien)), followed by F 4 -treat. (50% RP + phosphorien) in both seasons. These results revealed the importance of number of pods/plant, No. of branches/plant and seed yield/plant on effective yield components which markedly influenced seed yield.
Adding 65% of recommended -P + biofertilizer (phosphorien) exerted the highest number of pods /plant (15.53& 15.11), seed weight/plant (44.79 & 46.97 g), No. of seeds/plant (50.43 &52.92), seed yield (1410.94 and 1479.46 kg fed -1 ) and biological yield (2290.32 & 2306.33 kg/fed). Furthermore, from the above-mentioned results, the highest seed yield was obtained with saving from 35-50% of mineral-P with the application of biofertilizers and avoiding its undesirable effects (Fernands et al., 2007 and Janagard et al., (2013) ., who suggested that the importance of the superiority of the applied P-bio dissolving was not only taken as a criterion for increasing the income for crop or rationalize of costly mineral P-fertilizers, but also for minimizing the possibly adverse dearsa both human health and environmental risks resulted from mineral-P fertilizers. The interaction effect between irrigation and fertilization treatments had high significant effect on the most yield characters of faba bean. These findings are consistent with those obtained by Alghamdi (2009 ), Manochehr et al. (2013 and Sallam et al. (2014) .
Effect of different treatments on protein content and uptake of N and P by seeds of Faba bean
Data listed in Table 8 revealed that both irrigation and fertilization treatments were significantly affected the protein content of seeds. Increasing trend in seed protein was in parallel with less water applied. Therefore, the highest values of the protein content of seeds (20.58&21.63%) in both seasons, respectively were recorded under I 4 -treat. (Alternate furrow irrigation). Regarding the effect of fertilization treatments, the highest values of the protein content in seeds (20.72 &22.00%) were resulted from F 4 -treat. (50% RP+phosphorien) in both seasons, respectively. Also, it was noticed that there no significant differences in the protein content, % in seeds as affected by both (I 3 and I 4 ) and (F 3 & F 4 ) treatments in both seasons. Also, data in the same Table ( 9) showed that both of irrigation and fertilization treatments had high significant effect on the uptake of N and P by seeds of faba bean in both seasons. ) and P-uptake (7.894 and 6.807 kg fed -1 ) were achieved from F 3 -teatment (applying 65%rp+ phosphorien) in the 1 st and 2 nd seasons, respectively, followed by F 4 -Treatment (applying 50%RP+ phosphorien) in both seasons. The interaction between irrigation and fertilization treatments had highly and high significant effects for N and P-uptakes, respectively in both seasons. These findings are in harmony with those obtained by Abdel-Aziz (2005), EL-Habbasha et al. (2007) and Janagrad et al. (2015) . Data presented in Table 9 and Fig. 2 .) Economical efficiency = Net income / total cost (LE/ fed) F 1 = applying 100%RP , F 2 = 75% RP+ phosphorien , F 3 = 65% RP + phosphorien. , F 4 = 50% RP + phosphorien fixed costs were (1500 L.E and 1575 L.E) for 1 st and 2 nd seasons respectively. RESPONSE OF FABA BEAN TO ALTERNATE IRRIGATION AND CUT-OFF ...
Concerning economical efficiency, data in the same table show that alternate furrow irrigation (I 4 ) + 65% of RP + phosphorien (F 3 ) gave the highest values of economical efficiency (2.82 and 3.22) for seed yield and (3.09 and 3.55) for biological yield in the 1 st and 2 nd seasons, respectively. Meanwhile, the lowest values of economical efficiency (1.24 &1.46) for seed yield and (1.48 &1.69) for biological yield in both seasons, respectively. So, the effect of irrigation regimes under applying 65% of mineral-P recommended+ phosphorien on the faba bean crop can be arranged from the economical evaluation in the descending orders: cut-off at 85%FL > alternate furrow irrigation > cut-off irrigation at 90% FL> cutoff irrigation at 100%FL.
Conclusion
The results of this study showed that alternate irrigation or cut-off irrigation at 85% FL in combination with 65% of recommended mineral-p in the presence of phosphorien (biofertilizer) was more efficient according to the concept of water saving, water productivity and seed yield and productivity of irrigation water, as well as, the use of phosphorien can be minimize the mineral phosphorus fertilizer, and then reduce the cost production and pollution, which could occurred by the excessive use of chemical fertilizers.
